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Performance Measurement Systems (PMS) may assist implementing organizational strategy and act as an effective tool for 
control and surveillance. The PMS explored in this study was implemented by the public police forces, using advanced 
Business Intelligence (BI) technologies. Using that system, police commanders can analyze performance scores of their own 
units and get feedback on their success. The study examines the system's impact, through analysis of the metric results over a 
5-year time period. The results indeed show a positive impact, as with the vast majority of the metrics examined, the 
performance indeed improved. Further, the results confirmed the preliminary assumptions that the relative weight of each 
metric will moderate the improvement, and that metrics that reflect activity will behave differently than those that reflect 
outcomes. The study discusses the implications of these results, and proposed directions for future research. 
Keywords 
Performance Measurement System, Business Intelligence, IS Success. 
INTRODUCTION AND BACKGROUND 
Measuring organizational performance may help gaining insights on current organization's state and promote improvement. 
The implementation of Performance Measurement Systems (PMS) - information systems that collect and store performance-
measurement data, process it toward producing insightful analyses, and distribute these analyses throughout the enterprise – 
is often based on Business-Intelligence (BI) technologies. The common BI infrastructure (e.g., Data-Warehouse servers, 
Extraction-Transformation-Loading (ETL) utilities, and data retrieval, visualization and analysis tools) can help integrating 
datasets from multiple sources and provide the means for viewing and analyzing them toward gaining important business 
insights - capabilities that are critical to the success of a PMS.  
This study explores the organizational impact of a BI-supported PMS, which was developed by a public police force. This 
system was built using advanced BI infrastructure, and incorporates an extensive set of performance indicators, each 
reflecting a different aspect of police activities and targets. Using the system, police commanders may view and analyze the 
performance of their own units, compare it to the overall performance, and receive feedback on their success in implementing 
organizational strategy. The study examined the system's impact by analyzing the data collected within it. Generally, the 
results support the claims regarding significant impact and provide some additional insights regarding the structure of 
performance indicators and the factors that affect their influence. The analysis evaluated the monthly scores of 70 different 
performance indicators over a 5-year period of time. Most indicators followed a clear behavioral model and indeed improved 
over the time-period examined. Some indicators have not improved, and the study links this variability in behavior to factors 
such as the relative weight of each indicator, and to the categorization of indicators as reflecting activity versus outcome.  
The next section reviews relevant literature, which reflects previous research of PMS and their organizational effect.  The 
following section describes the development of the theoretical model that directs this study and the derived hypotheses. It 
then describes the data collection and preparation procedures, as well as the analysis method. The data evaluation is then 
summarized, followed by a discussion of the results on their implications. The concluding section summarizes the study, 
highlights its key contributions and the insights gained, and discusses possible directions for future research.  
BACKGROUND 
Many studies argue for substantial benefits from PMS implementation, such as aligning employees with organizational goals 
and objectives, promoting performance improvement, maximizing the effectiveness of improvement efforts, implementing 
means for control and surveillance, and improved organizational learning (e.g., Behn, 2003; Ittner, et al., 2003; Davis and 
Albright, 2004; Mahama, 2006). Other studies argued that PMS may also have negative effects such as intentional distortion 
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of performance scores, loss of organizational focus when the number of indicators included in the PMS is too large, and 
creating negative organizational atmosphere (e.g., Neely and Bourne, 2000; Austin and Gittell, 2002; Kennerley and Neely, 
2002).  Franco and Bourne (2004) surveyed 99 studies on the organizational impact of PMS and found out that most of those 
works reflected positive effects. However, they claimed that the more rigorous studies (i.e., those based on evaluation of real-
world data) were much less conclusive regarding the positive impact. Further, in many studies that reported positive effects, 
the data collection methods were not reported properly. Franco and Bourne (2004) concluded by suggesting that the positive 
effect of PMS on performance improvement is yet to be studied and proven in a more rigorous manner. In a later study, 
Bourne (2008) argues that the improvement in performance is not achieved by measurement alone, but largely depends on 
proactive actions such as training, redesign of organizational processes, and increased attention to their ongoing operation – 
actions that can be certainly encouraged and motivated by proper measurements. Bourne suggests that a significant 
contribution to the study of PMS should approach an organization that operates a comprehensive PMS that covers a broad 
range of units and processes. He recommends that such a study should take a longitudinal approach and examine the 
performance in several points of time and should be based on detailed real-world data rather than on surveys. This study 
explored the impact of a PMS through the lenses of the weighted composition of performance indicators. The weighted 
indicators form a certain hierarchy, which reflects corporate priorities reflect management view of aspects that deserve focus 
and attention, serve as a mean for communicating strategic goals to organization members, and direct the organization's 
performance-improvement efforts (Neely, et al., 2005). Quantitative and objective indicators are usually perceived as more 
reliable; hence, receive higher weights than subjective ones (Murphy and Oyer, 2001). Similarly, outcome indicators 
(reflecting end-results) tend to receive higher weights than processes indicators – this is despite the fact that managers 
generally have a greater influence on the latter (Ghosh and Lusch, 2000). The questions of weight-setting and the activity-
versus-outcome differentiation are reflected in our study, which observes the moderation effect of these factors. 
Since the introduction of the Data Warehouse (DW) architecture in the early 1990's, and the rapid development of Business 
Intelligence (BI) tools– the DW/BI concepts and the associated technologies were broadly adopted as infrastructure for 
implementing PMS. However, the use of BI/DW in that context has rarely been researched. BI/DW infrastructure typically 
involves components such as Data-Warehouse servers, Extraction-Transformation-Loading (ETL) utilities, and data retrieval, 
visualization and analysis tools. Such infrastructure provides capabilities that are critical for PMS implementation – efficient 
integration of data from multiple sources, data storage and processing, and means for viewing and analyzing the data toward 
gaining important business insights. When being used for PMS, BI tools may provide management with the ability to reflect 
the organization's actual performance against pre-defined targets, and the possibility to analyze the factors that affect 
performance increase or decline. Therefore, the use for PMS increases the value that organization may derive from 
investment in BI capabilities – the use of BI in that context may create a mechanism for continuous improvement that relies 
on the real-world data that can found in the organization. The advantages that can be gained by the use of BI for PMS are 
well reflected in the system that we evaluate – the police PMS was implemented using advanced web-based BI utilities.  
MODEL DEVELOPMENT 
Would the implementation of a PMS indeed promote a continuous improvement? What factors may affect the improvement? 
These questions may have important practical implications, with the broadening adoption of PMS, and the associated 
increase in investments. Accordingly, the model that directs the study (Figure 1) addresses the following aspects: 
 
 
Figure 1. Research Model 
Performance (P): The dependent variable reflects the quality of organizational performance, as reflected in the values of the 
metrics included in the PMS. In this study, performance was examined by using an average aggregation of actual 
performance values for a set of performance metrics, across all organizational units (i.e., police stations). The improvement 
trend in those performance measurements reflect the extent to which the PMS has indeed led to actual improvement.  
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System Use over Time (T): the use of a PMS is expected to have a significant positive impact on performance (Franco and 
Bourne, 2004; Bourne, 2008); hence, the first hypothesis is: 
H1: The use of a PMS significantly affects the performance over time. 
This high-level hypothesis can be refined into more specific ones.  The first suggests the impact of PMS usage will be 
manifested in a certain significant behavior pattern over time throughout the period tested (vs. highly-random behavior).   
H1a: The performance follows a certain behavioral model over time, which reflect the impact of PMS  usage. 
Notably, H1a does not suggest that that performance will necessarily improve. It rather seeks to examine whether or not the 
organization indeed relates and responds to the indicators that the PMS presents. The next hypothesis extends that argument, 
and argues more specifically for improvement. The improvement will be reflected in a significant increase of the indicator 
values (or, depending on the nature of the indicator, a decrease), compared to time prior to the operation of the PMS.  
H1b: The performance improves with the use of a PMS over time. 
The next hypothesis reflects a more stringent verification of the impact of PMS use on performance:  
H1c: The use of a PMS over time will result in an overall impact on performance. 
Overall impact reflects a combination of the conditions made by the two previous hypotheses, requiring that indicators will 
demonstrate a significant behavior over time throughout the period, as well as substantial improvement.  
Indicator Weight (W): certain indicator characteristics, such as the indicator's weight, will moderate the effect of systems 
usage on the measured performance. It is common in PMS to associate each indicator with a relative weight, that determines 
the relative degree of influence on the final score, and expresses management's view of organizational priorities (Ittner, et al., 
2003). A high weight usually implies higher influence and attention; hence, that general expectation is that with the higher is 
the weight, the stronger is the impact of PMS use on the measured performance:  
H2: The impact of PMS usage on performance increases with the relative weight of the measured indicator. 
This general hypothesis can be refined into 3 more specific hypotheses:  
H2a: The likelihood that PMS usage will form a certain behavior increases with the relative weight. 
H2b: The likelihood that PMS usage will improve performance increases with the relative weight 
H2c: The likelihood that PMS usage will result in an overall change increases with the relative weight. 
Indicator Category (C): the other indicator characteristic examined is the categorization into activity (or process) versus 
outcome (or product) indicators. Such categorization exists in the police PMS explored, as well as in many others, and has 
been recognized by common performance measurement methodologies, such as the BSC (Kaplan and Norton, 2001). 
Activity indicators reflect organizational processes that help meeting strategic targets (e.g., the number of arrests made, the 
number of hours allocated for neighborhood patrols), whereas outcome indicators reflect the result, or the end-product, of 
such processes and activities (e.g., crimes prevented, successful convictions). We generally assume that: 
H3: The PMS-use effect on performance of activity indicators will be different than the effect of outcome indicators.  
However, when attempting to refine this hypothesis, we can assume two different possible effects that are conflicting to a 
certain extent. It is common in PMS (including the one explored in this study) to grant outcome indicators with relative 
weights that are higher than those given to activity indicators (Ghosh and Lusch, 2000). Hence, following hypothesis H2, one 
could expect a stronger impact of PMS usage on outcome indicators than on activity indicators:  
H3a: The impact likelihood of PMS usage is higher with outcome indicators than with activity indicators. 
While expecting stronger impact with outcome indicators, we suggest that their performance improvement is more likely to 
reach saturation. It would be easier for units to respond to activity indicators and influence their scores, by improving process 
efficiency, and/or reallocating resources. On the other hand, it is more difficult to affect outcome indicators and continuously 
improve them. Improving an outcome indicator is likely to require a few parallel improvements in the associated processes. 
The unit may not possess all the resources needed to promote comprehensive improvement efforts, and some of the factors 
that affect the outcome may not be under the unit's control. Due to these limitations, we suggest that:  
H3b: The performance improvement of outcome indicators is more likely to reach a certain saturation point after a 
certain period of time, than with activity indicators. 
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EMPIRICAL EVALUATION 
The study was based on indicator-measurements data that was collected over a 5-year period (January 2006 to December 
2010). This dataset contained 60 monthly scores per indicator and per organizational unit. We averaged the monthly scores 
for 48 operational units, so that we had ended up with 60 averaged monthly scores per indicator. Some additional indicator 
attributes provided by police representatives were used to conceptualize the independent variables and the moderators. The 
"Category" classifies to "Activity" versus "Outcome" indicators. The "Weight Strength" reflects a classification of indicators 
within the top relative-weight quartile (greater than 0.75%) as "Strong", while the lower 3 quartiles were classified as 
"Weak". The conceptualization of dependent variables, and the testing of the associated hypotheses, was based on analysis of 
the 60 measurements per indicator. While some indicators have shown consistent behavior and relatively low variance 
around a certain trend line (Figures 2a and 2b), others were volatile and inconsistent. To assess the behavior significance, we 
used the GAM (Generalized Additive Model) - an extension of the Generalized Linear Models (GLM) that doesn't assume 
linearity (Wood, 2000). We considered a GAM model with a P-Value of 0.05 or less as pointing out a significant behavior of 
the indicator. To assess improvement over time, we also defined the first year of operation as a baseline. Using a T-test, we 
compared the baseline period to the last year (time-points 49 to 60). We defined the "Improvement" as "positive" for 
indicators that improved with a P-Value smaller than 0.05, "negative" for indicators that declined with a P-Value smaller than 
0.05, or "insignificant" otherwise. Only indicators with both significant "Behavior" and positive "Improvement" were marked 
as having an "Overall Impact". For indicators with "Overall Impact", we calculated the "Intensity", reflecting the magnitude 
of improvement, which is based on Cohen's power index (Cohen, 1992). It is defined as the difference between the averages 
within the baseline period versus the average within the end period, divided by the STDEV. Using the scores, the indicators 
were categorized into: (a) Progress: "Overall Impact" with no "Saturation", (b) Convergence: "Overall Impact" with 







Figure 2. Typical  Indicator-Behavior Patterns 
Testing Hypothesis H1: The Impact of Systems Usage over Time on Performance 
The first hypothesis (H1) suggests that the use of the PMS over time will result in significant performance improvement, and 
the results support it to a great extent. The three derived hypotheses - H1a, H1b, and H1c - were tested by examining the 
"Behavior" and the "Improvement" of the 70 indicators (Table 1). The H1a assumption that indicators will show significant 
behavior pattern over time is largely supported, as for 53 out of 70 indicators (75.7%) the GAM test indicated a non-constant 
behavior with P-value smaller than 0.05. The H1b assumption that indicators will significantly improve over time was also 
supported, but to a lesser extent - 45 out of 70 indicators have improved (64.3%), among them 42 (60%) show overall impact 
(both improvement and significant behavior) as a support for H1c.  
Improvement 
Behavior 
Positive Decline Insignificant Total 
Significant 
42 (60%)  H1c (Overall Impact) 
 Progress: 23 (33%) 
 Convergence: 19 (27%) 
1 (1.4%) 42 (60%) 53 (75.7%)  H1a 
Insignificant  3 (4.3%) 0 (0%) 14 (20%) 17 (24.3%) 
Total 45 (64.3%)  H1b 1 (1.4%) 24 (34.3%) 70 (100%) 
Table 1. Testing Hypothesis H1 
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Among the 42 indicators that demonstrated overall impact, 23 (33% of all indicators) belong to the "Progress" pattern, as they 
kept improvement throughout the entire 5-year time period. 19 indicators (27%) reached a certain saturation point; hence, 
were classified as belonging to the "Convergence" pattern. The other 28 indicators (40%) were classified as "Stagnant". 
While most indicators have improved significantly, the distribution of improvement pace (Figure 3) is unbalanced. The 25 
indicators (35.7%) that showed no positive improvement were marked as having a zero pace. Among the others, the majority 
demonstrates a relatively small improvement pace, while with a few others the pace is relatively high. 
 
Figure 3. Distribution of Improvement Pace 
Testing Hypothesis H2: The Moderating Effect of the Relative Weight 
The second hypothesis (H2), which suggests that the impact of PMS on performance will be moderated by the indicator's 
relative weight, is well supported by our analysis results. The three derived hypotheses - H2a, H2b, and H2c - predict that this 
moderation effect will be detected with the behavior over time, the extent of improvement, and the overall impact, 
respectively. To test these hypotheses, we used the indicators classification to high versus low weight strength (Table 2). We 
then applied the Fisher Test - like the Chi-Square test, it examines the nature of a match between the subgroup and the overall 
total, but without assuming normal distribution. 
Weight Strength 
H2a: Significant Behavior H2b: Positive Improvement H2c: Overall Impact 
Yes No  Yes No Yes No 
High 51 (100%) 0 (0%) 51 (86.7%) 2 (13.3%) 51 (86.7%) 2 (13.3%) 
Low 13 (1.95%) 51 (30.9%) 12 (58.2%) 21 (41.8%) 2. (52.7%) 21 (41.3%) 
Total 11 (75.7%) 51 (24.3%) 51 (64.3%) 21 (35.7%) 52 (60%) 23 (40%) 
Fisher Test P-Value 1410.0 * 141..0 141004 * 
Table 2. Testing Hypothesis H2 
 
The Fisher-Test results support hypotheses H2a and H2c to a great extent, as the P-values obtained are relatively small 
(0.0147 and 0.0194, respectively). As H2b was supported to a lesser extent by the Fisher Test (a P-value of only 0.0662), we 
chose to investigate further the association between the relative weight and the improvement obtained. To examine this 
aspect, we performed linear regression between the relative weight and the pace of improvement for 42 indicators that 
showed an overall impact. The regression results supported for the assumption that the relative weight has positive effect on 
the pace (F-Value = 4.14, P-Value = 0.048); however, with a relatively small R2=0.07 – what implies that the pace is 
possibly affected by many other factors, other than the relative weight. 
Further examination of the effect of the relative weights, highlighted another important difference between the effect of high-
weight indicators versus low-weight ones. A one-factor ANOVA found that for indicators with relative weights under 0.4% 
(~50%) there is no significant difference in the weight distribution between the indicators with overall impact versus the 
group with no such impact. On the other hand, for indicators with relative weights of 0.4% or higher, the ANOVA test 
showed significant difference between the overall-impact versus the no-impact groups, with a P-value of 0.05. 
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Testing Hypothesis H3: The Moderating Effect of the Category 
The third hypothesis (H3), suggesting that the impact of PMS on performance will be moderated by the indicator's category 
(Activity versus Outcome), is also supported. H3a suggests that Outcome indicators will outperform Activity indicators. An 
ANOVA test, for the 42 indicators with overall impact, confirmed the assumption with high significance (P-Value = ~0). 
Hypothesis H3b suggests that Outcome indicators are more likely to reach saturation. This assumption was backed by the 
categorization of indicators to behavior patterns (Table 3), showed a greater presence of the "Progress" pattern in Activity 
indicators and greater presence of "Convergence" in Outcome indicators. The differentiation between the two categories was 
shown to be significant by applying a Fisher-Test for the comparison of two patterns (Progress vs. Convergence, with P-
Value of 0.0191) and all of three patterns (P-Value of 0.0158). 
Category 
Comparison of Two Patterns Comparison of Three Patterns 
Progress Convergence Progress Convergence Stagnation 
Activity 18 8 18 8 23 
Outcome 3 9 3 9 5 
Total 21 17 21 17 28 
Fisher Test P-Value 0.0191* 0.0158* 
Table 3. Testing Hypothesis H3 
Discussion 
In general, the hypotheses were supported. The evidence supported the assumption that, over time, the use of the systems will 
affect and improve organizational performance. Most indicators (52 out of 70, 76%) followed a clear behavior pattern, which 
we interpret as attentiveness to the PMS. The majority of indicators (45, 64%) have significantly improved, and 42 (60%) 
have demonstrated both time-behavior pattern and significant improvements. However, it is important to note that out of 
these 42 indicators, 19 converged. This may indicate the need to update these indicators, or perhaps even exchange some of 
them with newer ones – as they have possibly reached a certain limit with their ability to motivate further positive impact. 
The other 23 indicators followed the "Progress" pattern, meaning that they can still motivate further improvement. 
The indicators' relative weight was shown as a significantly moderator for the PMS impact. The likelihood of following a 
certain behavior over time, and the likelihood of promoting overall impact were significantly higher with indicators that were 
assigned with relatively high weights.  The same test has shown a weaker moderating effect on performance improvement; 
however, an additional test indicated that for indicators with significant overall impact there's a strong relationship between 
the relative weight and the pace of improvement. Another important finding was the lack of significant impact of the actual 
weight at low relative weight (below 0.4% in our test). At these low rates, there was no significant correlation between the 
actual weight and the extent of improvement. Conversely, at higher relative weights (above 0.4%) the correlation was strong 
and significant.  This finding, which may require additional empirical support in other PMS contexts, has some important 
practical implications for the design of the measurement models in organizational PMS. Based on these finding, it would 
probably be advisable not to split the total weight (100%) across all the indicators, as was done in the p0lice PMS – as there 
is probably no meaningful effect to the actual weight at very low rates. Notably, previous research has already indicated that 
inclusion of too many weights is not advised, at it may cause information overload, and distract the organizational attention 
from goals and tasks that are more critical for reaching strategic target (Kennerley and Neely, 2002). 
Our result also shown that, as expected, outcome indicators tend to behave differently than activity indicators. As expected, 
the improvement rates in outcome indicators were generally higher, what can be explained by their greater relative weight, 
and the higher organizational attention that can be associated with that. On the other hand, the results supported the 
assumption that outcome indicators are more likely to converge to a certain saturation point, at a significantly higher 
proportion than activity indicators. This faster convergence can be explained by the ability of organizational units to affect 
the performance. With activity indicators, the effect is more direct and immediate – e.g., by reallocation of resources, and 
relatively-minor adjustments to tasks and procedures. Conversely, outcome indicators – although receiving greater attention 
due to their higher weights - are more challenging to affect. Outcome improvement may depend on more comprehensive 
changes in activities. Such a change may take time to implement and make an impact, and may require substantial investment 
in additional resources. As was confirmed in our discussion of the results with police representatives – since the PMS was 
inaugurated, police units have made sincere efforts to improve their outcomes with existing resources. 
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CONCLUSIONS 
The study explores the impact of a PMS on organizational performance from the perspective of setting the collection of 
performance indicators.  This perspective allows a systematic examination of the effect of performance measurement on a 
specific organization, by examining the organizational impact as reflected in the values of the indicators included in the PMS. 
The study made a few key contributions. It confirmed the baseline assumption that a PMS – and, in particular, a BI-supported 
one, can promote organizational change and affect significant improvement in performance. The rigorous assessment of this 
assumption was based on real-world data that reflected the operation of a PMS over a long period of time, and across a large 
number of organizational units. Notably, many of the previous studies that tested the impact of PMS were based on surveys 
and other forms of subjective assessments. The comparative evaluation of the different indicators highlights important factors 
that may influence their behavior over time. As suggested previously, the relative weights were shown to have a strong 
moderating effect on indicators' behavior and their extent of improvement. Beyond that, our evaluation highlighted the fact 
that the actual weight is recognized and makes an impact only above a certain limit. At very low rates, the "fine tuning" of the 
actual weight and its distribution between indicators did not appear to make much difference.  
The study highlights the different behavior of outcome versus activity indicators – the latter were shown to have higher 
improvement rates, which were attributed to their higher relative weights. However, they were more likely to reach a 
saturation point. The fact that a relatively large number of indicators (mostly outcome, but also some activity indicators) have 
reached saturation raises the possibility that the current indicator-tree structure is substantially sub-optimal and required some 
updates. A further investigation of the association between activity and outcome indicators, which were grouped under 
certain sectors, has also highlighted a possible need to update the tree structure. While within a few sectors the expected 
association was indeed confirmed (activity indicators were shown to affect the outcome), with others such an association was 
not found – what raises the possibility that factors that may affect the outcomes are probably not measured properly within 
the system. Finally, the indicator-evaluation method, which was used in this study, can be seen as a contribution on its own. 
The results obtained were of great interest to the police team that accompanied the study and, according to their claim, will  
largely affect their future development of the system. A similar methodology can be used for comparing PMS indicators, and 
assessing their performance impact in other contexts. 
This study can be extended in a few possible directions, which may help understanding better the effect of PMS, and direct 
their future development.  First, our data reflected a PMS that was already in place.  To verify the PMS impact more 
rigorously, the performance within the operation period should be compared to the performance prior to the PMS operation. 
Moreover, the current study was based on a single BI-supported system. A comparative evaluation of PMS that are supported 
by BI, versus PMS that are not, could shed light on the extent of the BI-technologies to the system's impact and success. The 
conclusions stemming from our analysis regarding the moderating effect of the relative weights and the indicator type 
(activity versus outcome), need further evaluation and verification.  Obviously, these moderating effects should be evaluated 
in other organizational setting and PMS contexts – such evaluations can potentially help with structuring hierarchical 
indicator "tree" – in terms of binding the measurement of activities and outcomes under certain tree "branches", and in terms 
of allocating the weight effectively. This study observed the different organizational units in aggregation. However, one 
could expect that units within a large and complex organization would be affected differently by the PMS, and that this 
variability will be reflected in their performance measurements. A comparative study between units may contribute 
significantly to understanding of factors that impact the PMS implementation, adoption and success.  
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